The effect of care setting on value of colon cancer care is unknown. METHODS: A Surveillance, Epidemiology, and End Results (SEER)-Medicare cohort study of 6544 patients aged 66 years with stage IV colon cancer (based on the American Joint Committee on Cancer staging system) who were diagnosed between 1996 and 2005 was performed. All patients were followed through December 31, 2007. Using outpatient and carrier claims, patients were assigned to a treating hospital based on the hospital affiliation of the primary oncologist. Hospitals were classified academic or nonacademic using the SEER-Medicare National Cancer Institute Hospital File. RESULTS: Of the 6544 patients, 1605 (25%) received care from providers affiliated with academic medical centers. The unadjusted median cancer-specific survival was 16.0 months at academic medical centers versus 13.9 months at nonacademic medical centers (P<.001). After adjustment, treatment at academic hospitals remained significantly associated with a reduced risk of death from cancer (hazard ratio, 0.87; 95% confidence interval [95% CI], 0.82-0.93 [P<.001]). Adjusted mean 12-month Medicare spending was $8571 higher at academic medical centers (95% CI, $2340-$14,802; P 5.007). The adjusted median cost was $1559 higher at academic medical centers; this difference was not found to be statistically significant (95% CI, -$5239 to $2122; P 5.41). A small percentage of patients who received very expensive care skewed the difference in mean cost; the only statistically significant difference in adjusted costs in quantile regressions was at the 99.9th percentile of costs (P<.001). CONCLUSIONS: Among Medicare beneficiaries with stage IV colon cancer, treatment by a provider affiliated with an academic medical center was associated with a 2 month improvement in overall survival. Except for patients in the 99.9th percentile of the cost distribution, costs at academic medical centers were not found to be significantly different from those at nonacademic medical centers. Cancer 2014;120:3237-44.
INTRODUCTION
Nearly 20,000 individuals were expected to be diagnosed with metastatic colorectal cancer in the United States in 2013. 1, 2 As overall survival increases due to improved cancer treatment, costs of care rise exponentially. Colon cancer is not the only cancer for which this holds true. More effective treatments are now available than ever before for patients with metastatic solid tumors. Patients with stage IV breast, prostate, and lung cancer are living longer due to treatment advances. [3] [4] [5] Although the costs of cancer care in general have grown dramatically in the United States over the last decades, the costs of patients with metastatic disease are particularly high. 6 These patients tend to be older, have comorbid conditions, and receive costly therapies such as surgical resection of metastases and molecularly targeted therapy. [7] [8] [9] [10] This growing financial burden has adverse consequences for the US economy, governmental support of social programs, and individual patients. 11 Given the cost and complexity of caring for older patients with metastatic colon cancer, the delivery of high-value cancer care to this population is critically important. High-value care is defined as care that maximizes patient outcomes while containing the cumulative costs of care. 12, 13 It is plausible that providers and the care setting substantially influence the value of care delivered. For example, academic medical centers offer specialized providers and a multidisciplinary approach to cancer care. However, the role of academic medical centers in providing high-value cancer care is uncertain. Care at an academic center has been associated with better outcomes in some settings, including surgery for colorectal cancer. 14, 15 However, academic medical centers have also been associated with higher costs of care and little difference in quality measures in other settings. [16] [17] [18] [19] [20] [21] In the current study, we evaluated overall survival and costs of care for elderly patients with stage IV colon cancer to determine whether hospital academic status was associated with differences in the value of the care delivered.
MATERIALS AND METHODS

Institutional Review
The current study was a retrospective cohort study of the outcomes and costs of cancer care delivered to patients with colon cancer diagnosed between January 1996 and December 2005. This study was exempted from review by the Institutional Review Board of the University of Pennsylvania.
Study Population
We identified 83,731 patients who were diagnosed with colon cancer between January 1, 1996 and December 31, 2005 from the Surveillance, Epidemiology, and End Results (SEER)-Medicare files.
We excluded patients without a histologic finding of adenocarcinoma (3168 patients), those in whom the diagnosis had been made at autopsy or on a death certificate (2 patients), or patients who were aged <66 years (to enable inclusion of 1 year of claims for comorbidity assessment) or >99 years at the time of diagnosis (11,278 patients). Patients who did not have Medicare Part A or Medicare Part B coverage (3754 patients) at any time during the study period or patients who were enrolled in a health maintenance organization in the 12 months before or the 12 months after diagnosis (13,097 patients) were excluded because of incomplete claims data. Patients with missing data regarding stage of disease or stage 0 disease were excluded (908 patients). Of the remaining 51,524 patients, 40,862 were assigned to a treating hospital as described below. Among these, 6549 patients had stage IV cancer at diagnosis, based on the American Joint Committee on Cancer overall cancer stage provided in the SEER files for each patient. Five patients with incomplete or missing payment data were omitted, resulting in a final cohort of 6544 patients who were followed through December 31, 2007 .
Hospital Assignment
Because the majority of colon cancer care is delivered in the outpatient setting, assigning a patient to a treating hospital using inpatient claims can be challenging. We assigned each patient in the current study cohort to a treating hospital by applying a method developed by Bynum et al 22 in which patients are assigned to a hospital based on their predominant ambulatory physicians' hospital affiliation. This method was previously validated in a cohort of Medicare fee-for-service patients for whom both generalists and medical specialists, including medical oncologists, were identified as the predominant ambulatory physician. 22 The patients' primary medical oncologists were defined as the medical oncologist billing for the greatest number of evaluation and management visits in the 6 months before and 12 months after diagnosis. Medical oncologists were assigned to the one hospital in which they provided the most inpatient care. Finally, patients were assigned to a treating hospital based on the hospital affiliation of their primary medical oncologist. Further details regarding the hospital assignment method can be found in the online supporting information.
Outcome Measures
We examined 2 distinct outcomes: overall survival and cost of care. Overall survival was calculated as the number of months from the date of the initial colon cancer diagnosis to the date of death or to December 31, 2007 if the patient was still alive at the end of the follow-up period.
Cost of care was defined as the total payment made by Medicare for each patient's inpatient and outpatient care, determined by summing payments obtained from the Medicare Provider Analysis and Review file, the National Claims History file, and the Outpatient Standard Analytic File. Costs were summed and analyzed over the time interval extending to 12 months beyond the date of the initial cancer diagnosis.
Predictor Variable
The primary predictor of interest was the academic status of the treating hospital for each patient. 
Covariates
Before data analysis, we identified potential confounders and effect modifiers of the association between hospital academic status and the outcome variables. These included patient age, race, sex, comorbidity score according to Elixhauser et al 23 excluding cancer-related diagnoses, and ZIP code-based socioeconomic status.
Statistical Analysis
To assess univariate associations between the type of hospital (academic vs nonacademic) and clinical and demographic factors, we used chi-square tests for categorical variables and Student t tests for continuous variables. We constructed Kaplan-Meier curves to assess unadjusted overall survival. We estimated a Cox proportional hazards model to assess the association between hospital academic status and overall survival while adjusting for important patient characteristics. We modeled time to death from any cause and time to colon cancer-related death.
To examine the association between hospital academic status and the mean cost of care while adjusting for important patient characteristics, we estimated a generalized linear model with a log-link and a gamma family. Standard errors were adjusted to account for clustering of patients within hospitals. We also estimated quantile regression models to examine associations between hospital teaching status and cost of care at various quantiles (25th, 50th, 75th, 90th, 95th, 99th, 99.5th, and 99.9th) along the cost distribution, while adjusting for important patient characteristics. In all models, standard errors were adjusted to account for clustering of patients within hospitals.
We assessed two-way interactions between hospital academic status and patient age, race, and number of comorbid conditions using likelihood ratio and Wald tests to assess the joint significance of interaction terms; no interactions were found to be statistically significant.
Statistical significance was set at a P value <.05. All statistical analyses were performed using SAS statistical software (version 9.1; SAS Institute Inc, Cary, NC) or STATA software (version 12.1; STATA Corporation, College Station, Tex).
RESULTS
Baseline Characteristics and Univariate Analysis
The final cohort consisted of 6544 patients with stage IV colon cancer at the time of diagnosis. A total of 1605 patients (25%) received cancer care from providers affiliated with an academic hospital. Table 1 shows the baseline characteristics of the cohort and univariate analyses of associations between these characteristics and hospital academic status. Patients whose medical oncologists were assigned to academic hospitals were more likely to be black and in a higher income bracket (P<.001) than patients whose medical oncologists were assigned to nonacademic hospitals. There were no significant differences concerning age, sex, or comorbid conditions observed with regard to hospital academic status.
Survival Analysis
Unadjusted Kaplan-Meier curves for all-cause and colon cancer-specific mortality are shown in Figure 1 . Univariate analysis using log-rank testing indicated that academic Table 2 shows results of the Cox proportional hazards model.
Cost of Care
Twelve-month unadjusted and adjusted costs of care are shown in Table 3 . The unadjusted mean cost of care was $6370 higher for patients treated at academic medical centers (95% CI, $2123-$10,616; P 5 .003), whereas the unadjusted median cost of care was $490 higher for patients treated at academic medical centers (95% CI, -$3785 to $4765; P 5 .822). Nominal differences in the unadjusted median costs of care increased across the 25th, 50th, 75th, 90th, 95th, 99th, 99.5th and 99.9th percentiles, with the greatest unadjusted difference in cost ($283,363) observed for those patients whose 12-month costs fell within the 99.9th percentile. Only the unadjusted differences in median cost at the 99.5th (P 5 .009) and 99.9th (P<.001) percentiles were found to be statistically significant.
Hospital academic status was included in a generalized linear model that adjusted for patient characteristics. After adjustment, hospital academic status remained significantly associated with a difference in the mean cost. The adjusted mean cost of care was $8571 higher for patients treated at academic medical centers (95% CI, $2340-$14,802; P 5 .007). The adjusted median cost of care was $1559 higher for patients treated at academic medical centers, and this was not statistically significant (95% CI, -$5239 to $2122; P 5 .410). Differences in adjusted median costs increased across the 25th, 50th, 75th, 90th, 95th, 99th, 99.5th, and 99.9th percentiles, with the greatest difference in adjusted median cost ($71,457) noted for those patients whose 12-month cost of care fell within the 99.9th percentile. The only statistically significant adjusted difference in cost from the quantile regressions was that observed at the 99.9th percentile (P<.001).
DISCUSSION
The results of the current study indicate that for patients with metastatic colon cancer at the time of diagnosis, receiving colon cancer care from a provider affiliated with an academic medical center was associated with a statistically significant increase in all-cause and colon cancerspecific overall survival of approximately 2 months. Furthermore, although the adjusted mean 12-month cost of care was $8571 higher for patients treated at academic medical centers and the difference was statistically significant, the mean cost of care was skewed by a small percentage of patients who received very expensive care. In fact, the adjusted median 12-month cost was a modest $1559 higher for patients treated at academic medical centers, and this difference was not statistically significant. Moreover, our quantile regression indicated that the adjusted difference in cost was significant only for those patients whose costs fell within the 99.9th percentile.
To quantify the value of treatment at an academic medical center, we estimated the incremental costeffectiveness ratio by dividing the incremental cost by the incremental benefit. Using the higher estimate of incremental cost based on the difference in means ($8571) and the incremental benefit based on unadjusted median survival (2.1 months) implies that the "price" of an extra year of survival from treatment at an academic medical center is $48,977. The estimate drops to $8909 when measuring the incremental cost at the median. This figure is only a rough estimate and is not directly comparable to qualityadjusted life year acceptability thresholds, such as the common but arbitrary $50,000 per quality-adjusted life year, because it does not account for quality of life. Nevertheless, these estimates compare favorably with a standard therapy for metastatic colorectal cancer, bevacizumab, which improved the median survival by approximately 4.5 months at an annual cost of up to $100,000, suggesting an incremental cost-effectiveness ratio of up to $266,667 per year of life. 24, 25 The unadjusted, colon cancer-related, median overall survival of patients treated at academic (16.0 months) and nonacademic (13.9 months) medical centers is lower than the literature-based median overall survival of 24 months for patients with stage IV colorectal cancer. 7 This discrepancy is likely due to the finding that the current study data were population-based and collected over the course of 10 years, whereas survival rates currently reported from studies reflect the increasing use of resection of liver metastases and combination chemotherapy regimens. 26, 27 In fact, the hazard ratio for colon cancerspecific death in the current study decreased steadily over time (see online supporting information).
Although the absolute difference in survival was modest, the relative effect of hospital academic status on overall survival was substantial, with a 13% decreased risk of colon cancer mortality and a 10% decreased risk of overall mortality associated with treatment at an academic medical center. There are several possible reasons for this difference. First, the management of metastatic colon cancer has become increasingly complex. Providers associated with academic medical centers are highly specialized, often with advanced training in surgical oncology, colorectal and liver surgery, and chemotherapy specific to colon cancer. To our knowledge, at least one study to date has shown an association between receipt of treatment by a specialized surgeon and improved overall survival in patients with colorectal cancer. 28 Treatment by a specialized medical oncologist with expertise in colon cancer and the ability to appropriately select those treatment options most likely to confer clinical benefit could also contribute to improved outcomes.
The multidisciplinary nature of academic settings may also contribute to the difference in outcomes noted in the current study. Academic medical centers provide a range of cancer care specialists, and are more likely to provide primary, preventive, and supportive care services to patients with cancer. 29 This is particularly important in the care of elderly patients with cancer, who often have multiple comorbid conditions in addition to cancer. 30 The availability of consulting physicians in an academic setting may help to meet the complete health needs of patients with colon cancer and may contribute to the reduced risk of all-cause mortality observed in the current study.
In addition, the undertreatment of elderly patients with colorectal cancer has been well described in the literature. 31, 32 Providers at academic medical centers may have more experience treating elderly patients with colon cancer and a greater level of comfort offering and managing therapies that prolong overall survival. Although elderly patients are significantly underrepresented in clinical trial accrual in general, 33, 34 those treated at academic medical centers have greater access to clinical trials than those patients treated at nonacademic medical centers, and this may also contribute, in small part, to the difference in overall survival.
There are several limitations to the current study. First, patients were assigned to the hospital at which they were likely to have received their cancer care using the primary medical oncologist as an intermediary. It was not possible to assign all patients to a treating hospital using this method, and some patients may have been incorrectly assigned. Second, there may be unmeasured differences between patients with colon cancer who receive care at academic medical centers and those who receive care at nonacademic medical centers. Perhaps these patient differences, rather than hospital academic status, are associated with the observed effects on outcomes. However, when we adjusted for extensive patient-level factors, the differences associated with hospital academic status persisted. Nevertheless, the current analysis did not reveal the causal mechanisms underlying this difference; hospital academic status could be a proxy for some other causative factor. Third, we excluded out-of-pocket costs to patients in our calculation of overall cost to evaluate costs from the payer's (ie, Medicare) perspective. Because all patients in the current study cohort were covered under Medicare fee-for-service, we do not expect that the inclusion of those costs would have significantly changed the results of the current study. Fourth, our cost analyses do not account for patient censoring. Patients who live longer receive more care and thus incur more costs; given the improved overall survival of patients treated at academic medical centers, costs at these centers may appear greater than those at nonacademic centers. Fifth, consistent with prior studies, 35, 36 we used a Cox proportional hazards approach to model survival, which treats deaths due to other causes as independent from deaths due to colon cancer. Sixth, SEER-Medicare does not collect data regarding quality of life and therefore we could not include this important patient outcome in our value estimates. Finally, because the population of the current study was restricted to patients aged >65 years, these findings cannot be generalized to younger patients with colon cancer. However, Original Article the average age of an individual at the time of a colon cancer diagnosis in the United States is 69 years, with the majority of patients diagnosed after age 65 years. Thus, it is reasonable to study colon cancer in the Medicare population.
Metastatic colon cancer is an ideal disease setting in which to study site effects on the value of cancer care delivered and should serve as the model for further studies. Unlike early-stage colon cancer, for which consensus regarding the standard treatment approach and clear guidelines for care exist, the treatment of metastatic colon cancer is highly individualized with the potential for substantial variation depending on the care setting. Using robust population-based data, the results of the current study indicated that overall survival was significantly extended when elderly patients with metastatic colon cancer received cancer care from providers affiliated with an academic medical center. Although the adjusted mean cost of care was significantly greater for patients treated at academic medical centers, it was only a small percentage of patients who received very expensive care who contributed to this difference. Further research is needed to identify the drivers behind the differences in outcomes for patients with metastatic colon cancer based on care setting. Faced with high and rising health care costs, the delivery of high-value health care that maximizes patient outcomes while containing overall costs should be a national priority.
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